Abstract. Amorphous carbon nitride (a-CN x ) thin films were deposited by radio frequency plasma enhanced chemical vapor deposition (rf-PECVD) technique. A set of a-CN x thin films were prepared using pure methane (CH 4 ) gas diluted with nitrogen (N 2 ) gas. The N 2 to CH 4 flow rate ratios calculated as N 2 /(N 2 +CH 4 ) were varied at 20, 30, 50, 60 and 70 %. These samples were then annealed at 400 o C in a quartz tube furnace in argon (Ar) gas. The effects of N 2 dilution and thermal annealing on the structural and optical properties of these samples were studied. A surface profilometer was used to measure film thickness. A field emission scanning electron microscopy (FESEM) and a ultraviolet-visible spectrophotometer (UV-Vis) measurements were used to determine their structural and optical properties, respectively. The thickness of the as-deposited films decreased with increased N 2 composition ratio. However, the thickness increased when these films were annealed. The FESEM images showed that the grain size of as-deposited and annealed films increased with the increased of N 2 composition ratios. But the the grain size decreased with a more orderly arrangement after the annealing process. The energy gap (E g ) of the both set films increased with the increase in N 2 composition ratio up to 50% and significantly decreased with further increased in N 2 composition ratio. However, E g is decreased when the films were annealed. The variations in the thickness and optical properties of these CN x films when annealed relate to modifications in the film structure.
INTRODUCTION
Amorphous carbon nitride (a-CN x ) has attracted great interest among researchers since their discovery [1] . One of the great interests of this material is the hardness that comparable or greater than diamond. Carbon nitride can be formed into two phases, which are crystalline and amorphous phase. However the synthesis of pure ȕ-C 3 N 4 is very challenging for researchers. Many researchers were synthesis carbon nitride, but many of them produced carbon nitride in the form of amorphous [2, 3, 4] . Amorphous carbon nitride has many attractive properties such as extreme hardness, chemical inertness, low friction coefficient, and variable optical band gap. There are various techniques that researchers used to produce amorphous carbon nitride [5, 6, 7] , the prominent technique is radio frequency plasma enhanced chemical vapor deposition (rf-PECVD). This technique has the advantage of uniform large area deposition, easy handling, low pinhole density, good adhesion and good step coverage [2] . It has been reported that the structural, optical electrical and mechanical properties of the films can be modified by nitrogen incorporation [8] [9] [10] . Indeed the properties also can be induced by annealing process [9] . In this work, a set of a-CN x films have been deposited by rf-PECVD technique under different N 2 composition ratios. The films were analyzed by a field emission scanning electron microscopy (FESEM) and a ultraviolet-visible spectroscopy (UV-Vis) transmission for both as-deposited and annealed films. The study of correlation between surface morphology and optical properties of a-CN x will give some idea of the modification of the structure due to the heat treatment.
EXPERIMENTAL DETAILS
The a-CN x thin films were deposited using a home-built rf-PECVD system [3, 4, 5] from the dissociation of pure (99.999%) methane (CH 4 ) and nitrogen (N 2 ) gases. Both gases were mixed prior to admission into the deposition chamber at a fixed flow rate of CH 4 (20 sccm) and different flow rate of N 2 . A set of a-CN x thin films was prepared with the N 2 composition ratio of 20, 30, 50, 60 and 70 %. The quartz substrates were exposed to hydrogen plasma treatment for 10 min with the H 2 flow rate and rf power fixed at 50 sccm and 50 W respectively before the deposition process. This was done to remove impurities on the substrate surface and improve the adhesion of CN layers onto the substrate [6] . The a-CN x thin film samples were deposited for 90 min at rf power of 80 W, and substrate temperature at 100 o C. All the samples later to anneal in the quartz tube furnace in pure Ar gas flow at 400 o C for 1 hour. The as-deposited and annealed samples were characterized for morphology and optical properties. The thickness of as-deposited and annealed a-CN x films was measured by a surface profilometer. The morphology and the optical properties of the a-CN x thin films was characterized using a field emission scanning electron microscopy (FESEM) and a ultraviolet-visible spectroscopy (UV-Vis), respectively.
RESULTS AND DISCUSSION

Deposition of a-CN x Thin Films
The thickness of both sets of samples at different N 2 composition ratio was shown in Table 1 . The relationship between the deposition rate and N 2 composition ratio of the as-deposited films are presented in Fig. 1 . It shows that the deposition rate of the flames rapidly decreases with the increased in N 2 composition ratio. This may be due to the decrease in the CH n radicals in the plasma provoked by the excess of N 2 . There is also a stronger chemical sputtering on the growing surface induced by the N 2 + bombardment [8] [9] [10] with increasing N 2 composition ratio, which lead to lesser thicknesses of the deposited films. Furthermore, it was due to the limitation of hydrocarbon partial pressure since the pressure was maintained at a fixed value throughout the deposition process [7] . The thickness of a-CN x thin films increase when the samples annealed. This is due to the annealing process which has changed the structure of the film resulting uniform structure. Hence, the thickness of the films increase. Fig. 2 and 3 show the FESEM micrographs of as-deposited and annealed a-CN x thin films, which were prepared at (a) 50 % and (b) 70 % respectively. The surface of a-CN x thin films is covered by granule-like grain structure. It is observed that with increase in N 2 composition ratio, the average grain size become smaller and porous. These could be due to the more ion bombardment of nitrogen during deposition. From the figures, it is clearly shown that smaller and uniform granule-like structure is formed after the annealing process. This is may be due to the heating process that breaks the bonding between carbon and nitrogen [10] . (a) of the density nd gap [11] . F as-deposited a o. E g increase osition ratio in experienced a nealing that ch SEM microgra CN x thin film decreased. 
Morphology of a-CN x Thin Films
CONCLUSION
In this paper, thermal annealing and additional N 2 composition ratio was done to investigate the morphology and optical properties of the a-CN x thin films. It shows that the size of the granule-like grain structure of the films is small with an increasing N2 composition ratio and the structure of the films is more uniform and smooth when annealed. E g increases to a maximum at N 2 composition ratio of 50 % followed by a small decrease when the N 2 composition ratio increased to 70 % for both films. Therefore, N 2 composition ratio brings an important modification in morphology of the a-CN x thin films. As a result, the optical properties of the films are significantly altered by the modification grain size of the films. Complementary, investigations are needed to clarify the structural properties of these films especially to estimate the sp 2 carbon content and nitrogen incorporation in the films.
